Abstract: Emergency room (ER) visits for accidental casualties, according to the International Classification of Deceases 10th Revision Chapters 19 and 20, include injury, poisoning, and external causes (IPEC). Annual distribution of 187,008 ER visits that took place between 2009 and 2011 in Beijing, China displayed regularity rather than random characteristics. The annual cycle from the Fourier series fitting of the number of ER visits was found to explain 63.2% of its total variance. In this study, the possible effect and regulation of meteorological conditions on these ER visits are investigated through the use of correlation analysis, as well as statistical modeling by using the Distributed Lag Non-linear Model and Generalized Additive Model. Correlation analysis indicated that meteorological variables that positively correlated with temperature have a positive relationship with the number of ER visits, and vice versa. The temperature metrics of maximum, minimum, and mean temperatures were found to have similar overall impacts, including both the direct impact on human mental/physical conditions and indirect impact on human behavior. The lag analysis indicated that the overall impacts of temperatures higher than the 50th percentile on ER visits occur immediately, whereas low temperatures show protective effects in the first few days. Accidental casualties happen more frequently on warm days when the mean temperature is higher than 14 • C than on cold days. Mean temperatures of around 26 • C result in the greatest possibility of ER visits for accidental casualties. In addition, males were found to face a higher risk of accidental casualties than females at high temperatures. Therefore, the IPEC-classified ER visits are not pure accidents; instead, they are associated closely with meteorological conditions, especially temperature.
Introduction
The increased attention to the adverse effect of meteorological conditions on human health has led to a continuous effort in exploring their intrinsic relationships. A multitude of studies have assessed the influence of weather conditions on human mortality or morbidity for chronic or infectious diseases [1] [2] [3] [4] [5] . However, few weather-health-related studies were found that have a focus on weather-related accidental casualties, which seem to happen unintentionally or from certain direct causes, such as traffic injury, assaults, or trauma. The accidental casualties of interest in this study include those classified according to Chapters 19 and 20 in the International Classification of Diseases
Materials and Methods

Data
In order to conduct a detailed quantitative analysis on accidental casualties and temperature, we collected the details of ER visits, as classified by ICD-10 Chapters 19 and 20, from the Chinese People's Liberation Army (PLA) General Hospital in Beijing. This included 138,740 visits classified under Chapter 19 and 48,268 classified under Chapter 20 from 1 January 2009 to 31 December 2011. Air pollution data for Beijing including daily concentrations of SO 2 , NO 2 , and PM 10 were from the China National Environmental Monitoring Centre (http://www.cnemc.cn/). Meteorological data for Beijing for the same time period were obtained from the China Meteorological Data Sharing Service System (http://cdc.nmic.cn/home.do). Observed parameters included daily maximum and minimum temperatures, daily mean temperature, relative humidity, vapor pressure, sunshine duration, daily mean air pressure, daily temperature range, and wind speed.
Statistical Analysis
Linear fitting was used to extract the trend of the original time series of ER visits. Based on the capability of Fourier series [22] , any periodic function or signal can be decomposed into sum of a set of sine and cosine functions. In this study, the Fourier spectral analysis was used to extract the dominant periodic information. Both of linear and nonlinear Fourier series-based fitting [23] were operated in software SPSS 18.0 (IBM, Armonk, NY, USA). With reference to the definition of warm and cold seasons in climatology, the period from April to September is the warm season in Beijing, and the rest of the months belonging to the cold season.
We employed the distributed lag nonlinear model (DLNM) [24] to assess the effects of temperature on IPEC-classified ER visits. DLNM has been used previously to describe the lagged effect of air temperature on health outcomes [16, 25] . It is based on the definition of a "cross-basis", which is a bi-dimensional space of functions describing simultaneously the shape of the relationships along both the targeted variable dimension (e.g., temperature) and the lag dimension of its occurrence [26] . The cross-basis of the daily mean, maximum, and minimum temperatures were established in this study. These effects are estimated using nonlinear smoothing functions for both dimensions, where a natural cubic spline was used for air temperature and a polynomial spline for the lag effect. In this study, the maximum lag is set to 20 days, as this is long enough to capture all temperature effects.
A generalized additive model (GAM) was used to incorporate the nonlinear effects of other meteorological elements as confounding factors, together with the "cross-basis" of temperature, to fit the relationship between weather conditions and IPEC-classified ER visits. We also conducted sensitivity analyses to choose the number of degrees of freedom (DF) for temperature and its lag. The DF was chosen so that it has the maximum explained variance and strongest significance in the GAM model. The numbers of DF for temperature and the lag effect were 4 [27] and 3, respectively. The meteorological factors were fitted using smoothing spline functions, with the number of DF selected according to Akaike's information criterion (AIC) [28] and partial auto-correlation function (PACF) minimization of the residuals. The selected number of DF was 3 for relative humidity and sunshine duration, and 5 for wind velocity.
Relative risk (RR), which represents the risk of accidental casualties caused by a unit change of environmental conditions (e.g., high temperature), is used to quantify the impact of temperature on the number of ER visits. It is defined as the ratio of the probability of a disease development in a group exposed to the environment to the probability in a non-exposed control group [29] . RR is dimensionless and ranges from 0 to ∞, with RR = 1 meaning no connection between the exposure to an environmental condition and the disease; RR < 1 meaning that the exposure will result in a reduction of the incidence of the disease (namely, exposure is a protective factor); and RR > 1 indicates the exposure is a risk factor that increases the probability of disease occurrence.
Results of the one-sample Kolmogorov-Smirnov Test showed that the number of IPEC-classified ER visits is normally distributed. The software R (v 3.2.5) packages "dlnm" and "mgcv" (publicly available on the R comprehensive archive network (CRAN) were used for model fitting. To remove long-term fluctuations in the number of ER visits, the GAM model was adjusted for trends by including a counter variable for each day of the time-series and fitting a smoothing spline (DF = 12). Dummy variables were included in the GAM model to mark holidays. In addition, the model was adjusted for the day of week (DOW) by using a categorical dummy variable. For different time periods when Beijing has its normal or obviously reduced population, the population term is set as 0 or 1, respectively. The sunshine duration, which affected the that hours people spend outdoors, is used as a proxy to describe the influence of human behavior. The final GAM model obtained is as following:
where t refers to the day of the observation; E(Y t ) denotes estimated ER admissions counted on day t; basis. T is the cross-basis of temperature metrics; s() denotes the smoothing spline functions for nonlinear variables; "trend" and "holiday" are self-explanatory; RH, V, and S represent the relative humidity, wind, and sunshine duration, respectively; β 1 ∼ β 3 are coefficients for concentrations of SO 2 , NO 2 , and PM 10 ; and α is the residuals of the GAM model.
Results
Descriptive Statistics of Variables
The descriptive statistics of each meteorological variable and ER visit are presented in 
which is statistically significant at the 0.001 level, and its explained variance (R 2 ) is 0.309. The annual cycle is presented as:
where T refers to the length of a year (365 d), and t is the time variable ranging from 1 to 1095 d. In addition, the R 2 of Y cycle is 0.632. The combination of the linear trend and annual cycle could represent most of the characteristics (R 2 = 0.941) of the original series of ER visits. This suggests that the number of ER visits is regular to a large extent and not random nor unpredictable. The monthly distribution of accidental casualties within a year is shown in Figure 2 . The number of ER visits peaks between June and August, and is at a minimum between January and February, which is similar to the trend in the mean temperature. July witnesses the largest number of ER visits, as well as the highest monthly mean temperature, which somewhat suggests the strong effects of high temperatures on such casualties. In addition, the IPEC-classified ER visits occur discriminatively on each day of week (Figure 3 ). There is an evident rise in the number of visits on the two-day weekend, and The monthly distribution of accidental casualties within a year is shown in Figure 2 . The number of ER visits peaks between June and August, and is at a minimum between January and February, which is similar to the trend in the mean temperature. July witnesses the largest number of ER visits, as well as the highest monthly mean temperature, which somewhat suggests the strong effects of high temperatures on such casualties. In addition, the IPEC-classified ER visits occur discriminatively on each day of week (Figure 3 ). There is an evident rise in the number of visits on the two-day weekend, and there exists a sustained decreasing trend of ER visits from Monday to Friday.
(a) (b) The monthly distribution of accidental casualties within a year is shown in Figure 2 . The number of ER visits peaks between June and August, and is at a minimum between January and February, which is similar to the trend in the mean temperature. July witnesses the largest number of ER visits, as well as the highest monthly mean temperature, which somewhat suggests the strong effects of high temperatures on such casualties. In addition, the IPEC-classified ER visits occur discriminatively on each day of week (Figure 3 ). There is an evident rise in the number of visits on the two-day weekend, and there exists a sustained decreasing trend of ER visits from Monday to Friday. The monthly distribution of accidental casualties within a year is shown in Figure 2 . The number of ER visits peaks between June and August, and is at a minimum between January and February, which is similar to the trend in the mean temperature. July witnesses the largest number of ER visits, as well as the highest monthly mean temperature, which somewhat suggests the strong effects of high temperatures on such casualties. In addition, the IPEC-classified ER visits occur discriminatively on each day of week (Figure 3 ). There is an evident rise in the number of visits on the two-day weekend, and there exists a sustained decreasing trend of ER visits from Monday to Friday. Table 2 lists the results of a Spearman's correlation analysis between the number of IPEC-classified ER visits and meteorological variables. Significant positive correlations suggest that the mean/maximum/minimum temperatures, moisture conditions (relative humidity, vapor pressure), and sunshine duration are highly correlated with the number of ER visits ( Table 2 ). The number of ER visits negatively correlates with air pressure and concentrations of SO 2 and NO 2 . However, both air pressure and concentrations of pollutants are closely related with temperature (Table 2) . Therefore, the statistical correlation is unable to explain properly all of the intrinsic links between meteorological conditions and the number of accidental casualties. However, the confounding effect of pollution was included in the GAM model in order to exclude their potential impact. 
Correlation Analysis
The Relationship between Temperature and Number of ER Visits
Temperature significantly and positively correlates with the number of ER visits and acts as a leading role among various meteorological factors. It should be noted that the results of relative risk from the time-series model only indicate the strength of relationship between the number of ER visits and temperature, which may include both direct and indirect effects of air temperature. Figure 4 shows the RR of daily mean temperature impact and its lag effect on the ER visits. It demonstrates a strong effect (high RR) of high temperatures on the first day, with a gradual reduction in RR thereafter. Low temperatures result in ER visits typically five to six days after onset, while having protective effects on the first four to five days. It should also be noted that effects of moderately high temperatures (between 20 • C and 30 • C) have a longer lag than that of extremely high temperatures. After 10 days, almost all temperature effects disappeared (Figure 4 ). In the long lag period (after 15 days), not much consideration should be given to the large RR centers, considering the possible over-fitting of spline functions and the large confidence intervals of RR (e.g., T = −10 • C, RR = 0.971 (95% CI: 0.939, 1.003); T = 26 • C, RR = 1.018 (95% CI: 0.996, 1.040)).
We also explored the overall impacts of T max and T min on IPEC-classified ER visits and found that their results were similar to that of the mean temperature. The RR and its 95% confidence intervals of the three temperature metrics are shown in Table 3 . On the day of ER visit (lag = 0), a significant increase of ER visits is revealed when the mean temperature is ≥14 • C (near its 50th percentile); otherwise, the overall effect is not statistically significant. Mean temperatures lower than 14 • C have obvious delayed influence, and the largest lag effect is when it lags 6 d. Similar to mean temperature, T max and T min above their 50th percentile (20.5 • C and 9.4 • C, respectively), result in an immediate increase in ER visits (Table 3) . It is noted that the RR of T min below its 50th percentile is not statistically significant over the entire lag period, meaning that low T min has protective effects over long lag times.
ER visits is revealed when the mean temperature is ≥14 °C (near its 50th percentile); otherwise, the overall effect is not statistically significant. Mean temperatures lower than 14 °C have obvious delayed influence, and the largest lag effect is when it lags 6 d. Similar to mean temperature, Tmax and Tmin above their 50th percentile (20.5 °C and 9.4 °C, respectively), result in an immediate increase in ER visits (Table  3) . It is noted that the RR of Tmin below its 50th percentile is not statistically significant over the entire lag period, meaning that low Tmin has protective effects over long lag times. (Figure 5a ), the overall effects of high temperature seemed to be particularly evident, whereas for females, the risk seems to be more pronounced on the first couple of days in an extremely low temperature range (Figure 5b ). (Figure 5a ), the overall effects of high temperature seemed to be particularly evident, whereas for females, the risk seems to be more pronounced on the first couple of days in an extremely low temperature range (Figure 5b ).
three temperature metrics are shown in Table 3 . On the day of ER visit (lag = 0), a significant increase of ER visits is revealed when the mean temperature is ≥14 °C (near its 50th percentile); otherwise, the overall effect is not statistically significant. Mean temperatures lower than 14 °C have obvious delayed influence, and the largest lag effect is when it lags 6 d. Similar to mean temperature, Tmax and Tmin above their 50th percentile (20.5 °C and 9.4 °C, respectively), result in an immediate increase in ER visits (Table  3) . It is noted that the RR of Tmin below its 50th percentile is not statistically significant over the entire lag period, meaning that low Tmin has protective effects over long lag times. (Figure 5a ), the overall effects of high temperature seemed to be particularly evident, whereas for females, the risk seems to be more pronounced on the first couple of days in an extremely low temperature range (Figure 5b ). The cumulative RR of daily mean temperature for all visits at two different lag periods is presented in Figure 6 . Temperatures >14 • C have significant cumulative effects (RR > 1) on ER visits, and mean temperatures around 26 • C have the greatest cumulative RR of the entire temperature range (Figure 6 ). Based on the cumulative RRs, there is no obvious temperature threshold with minimum effect on the daily number of ER visits. Cold temperatures show obvious protective effects. Thus, IPEC-classified accidental casualties are more likely to happen on warm or hot days than on cold days. 
Discussion
This study investigated the effect of meteorological conditions on IPEC-classified ER visits. The growth trend and annual cycle of ER patients were fitted by using linear equation and Fourier series, respectively. Then, the importance and leading role of temperature was investigated, and the impacts of mean/maximum/minimum temperature on ER visits were analyzed using time-series models. Correlation analysis indicated that all meteorological variables that positively correlated with temperature have a positive relationship with ER visits, and vice versa.
The number of ER visits in February is the least throughout the year although the lowest temperature occurs in January. It could be explained by the obvious decrease of the total population in Beijing in February during the Chinese New Year celebration. It is a tradition that most of outsiders who account for a big proportion (35.9% in 2010) of permanent residents in Beijing would leave Beijing and go back to their hometowns. The rise in the number of patients on the two-day weekends could be caused by increased outdoor activities and entertainments when people are enjoying their holidays.
The time-series models considering all confounding temporal factors and nonlinear effects of meteorological variables were then established. For the purpose of eliminating the likely impacts of pollutants, the concentrations of SO2, NO2, and PM10 were also included in the GAM model. Previous studies on the relationship between trauma and meteorological conditions generally employed a linear correlation analysis or developed regression equations [12, 30, 31] . To the best of our knowledge, it is the first time that the GAM model and the more advanced DLNM model are applied in this field. Human behaviors affect the risk of injury undoubtedly, which may include doing sports, travelling, driving, laboring, etc. Unfortunately, a mediating variable that describes the number of hours that people spend outdoors was not available for this study. Within meteorological variables, the sunshine duration determines the length of time for outdoor activities to a large extent. Thus, it was also introduced into the time-series model. 
The time-series models considering all confounding temporal factors and nonlinear effects of meteorological variables were then established. For the purpose of eliminating the likely impacts of pollutants, the concentrations of SO 2 , NO 2 , and PM 10 were also included in the GAM model. Previous studies on the relationship between trauma and meteorological conditions generally employed a linear correlation analysis or developed regression equations [12, 30, 31] . To the best of our knowledge, it is the first time that the GAM model and the more advanced DLNM model are applied in this field. Human behaviors affect the risk of injury undoubtedly, which may include doing sports, travelling, driving, laboring, etc. Unfortunately, a mediating variable that describes the number of hours that people spend outdoors was not available for this study. Within meteorological variables, the sunshine duration determines the length of time for outdoor activities to a large extent. Thus, it was also introduced into the time-series model.
A strong relationship between temperature and ER visits was revealed and analyzed, including the lag effects of daily maximum, minimum, and mean temperatures. The overall impacts of three temperature metrics are similar, including both their direct and indirect impacts. High daily mean temperatures increase the risk of accidental casualties immediately, with high numbers of visits occurring on the first day of temperature onset, followed by a gradual decline over time. At low temperature ranges, however, ER visits start to increase with a lag of five to six days.
As one aspect of the overall temperature effect, the direct impact characterizes the influence on people's physical condition and mental status. Relevant research [32] found that significant reductions in sensory and motor amplitudes could occur in normal nerves at high temperatures. The occupants' physiology, perceptions and mental alertness were also reported to be related to air temperature [33] . A nine-year survey found that the number of emergency psychiatric visits peaks in summer, and a strong positive association between the number of daily emergency psychiatric visits and mean daily air temperature (R = 0.82; p < 0.001) was shown in linear regression analysis [13] . Another study reported that fine weather conditions may increase the rate of fatal self-harm deaths, probably interacting with biological and social variables [14] . In addition, extremely high temperatures may lead to the occurrence of heat stroke, signs of heat exhaustion such as dizziness, mental confusion, headaches, and weakness, which will increase the risk of accidental casualties for them who are in high-risk occupations. Brain damage after heat stroke was also confirmed [34] .
Temperature also determines people's degrees of comfort and activity, as well as immunity and thermo-regulating intensity of human body. These are indirect impacts of temperature. In other words, temperature also affects the number of ER admissions by acting as a background or implicit factor, which affects human behaviors. If the temperature is extremely high or very low, the mechanism of thermal regulation of human body will be stimulated, and people are less likely to participate in intense activities. It implies that temperature only affects the probability of going out doors, while the direct reasons might be traffic accidents, electric shock, drowning, fires, etc.
Usually, the adverse effects of temperature, either a cold effect or a hot effect, were revealed in previous studies [2, [35] [36] [37] [38] . In the present study, only temperature that exceeds a certain threshold (14 • C) had a significant immediate effect on IPEC-classified ER visits. Therefore, 14 • C can be regarded as a critical value of mean temperature for accidental casualties. Temperatures around 26 • C were found to have the maximum cumulative RR of the entire temperature range. In Beijing, daily mean temperature around 14 • C usually occurs in April and October, and temperature ≥26 • C is common from late May to early September.
Moreover, thin clothes is a risk factor that increases body exposure to external environments, and may lead to more accidental trauma (animal bites, burns, scald, etc.).
The gender-specific effect of mean temperature was also examined. The gender differences in temperature effects on ER visits revealed that male patients are at a higher risk of accidental casualties in high temperature conditions, which may be associated with more activities (sports) that they participate in and more occupational exposure to high temperatures of men [39] . Several researchers have reported that gender differences do exist when people join outdoor physical activities [40] [41] [42] . Furthermore, it is known that the division of labor for males and females in a family is always distinct.
Residuals of the time-series auto-correlation and partial auto-correlation results from the GAM model ( Figure A1 ) can be regarded as white noise. Although outsiders make up a big proportion of the entire population in Beijing, the probability of ER visits for accidental casualties is equal for all residents under its local weather, which is different from chronic diseases. In terms of the limitations of the data, we only analyzed ER visit data from one hospital in Beijing. Nevertheless, the relationship between IPEC-classified ER visits and air temperature was documented in Beijing under its climate background. The future studies might include data from other hospitals to increase the generalizability of the results to a larger population. This paper provides quantitative estimates of temperature impacts on IPEC-classified ER visits. The results may help to develop preventive measures and enable more efficient allocation of medical resources.
Conclusions
A strong relationship between temperature metrics and ER visits was revealed, even though the direct and indirect temperature effects were not able to be distinguished explicitly due to methodology and data limitation. Moderate to high temperatures significantly increase the risk of occurrence of accidental casualties. In addition, males face a higher risk of ER visits for accidental casualties than females under high temperature weather.
